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Outline 

•  Introduc=on 
•  Uncertain=es in real‐=me power balancing 
•  Problem of power imbalance created by new uncertain=es (non‐
complying generators) 

• Proposed Framework for Real‐Time Dispatch under Uncertainty 
•  Predictor – Robust Scheduler – Enhanced AGC for real‐=me power 
balancing 

• Proposed Market Structure 
• Market clearing and se[lement process 
•  LMP calcula=on based on simple bids 

•  Impact of Uncertainty and Risk Preference on LMPs 

• Conclusion 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Uncertainties in Real-Time Power 
Balancing

•  Genera=on uncertainty 
•  Gaming in deregulated market 

•  Demand uncertainty 
•  Consumer’s behavior is stochas=c in 
demand response scenario 

•  Uncertainty of intermi[ent 
resources 

•  Large varia=ons, hard to predict 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•  Genera=on Uncertainty 
–  Due to physical limita=on of 

generators, such as 
governors, etc. 

•  Demand Uncertainty 
–  Hard to predict real =me 

demand 

In Traditional Industry In New Industry



5-Bus Test System with Generator Uncertainties
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Generat
or

Marginal 
Cost ($/
p.u.)

Minimum 
Genera7on 

(p.u.)

Maximum 
Genera7on 

(p.u.)

1 80 0 0.4

2 88 0 0.5

3 100 0 0.5

4 258 0.18 0.4 0

5 261 0.18 0.4 0

“Slow” 
Generators

“Fast” 
Generators



Imbalances Created by Generator Deviations

•  Conven=onal economic dispatch fails to balance supply and demand 

• Need to u=lize more expensive resources in real =me (AGC) 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Non-zero mean imbalance



Proposed Framework for Uncertainty 
Management
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Predictor Robust 
Scheduler E-AGC

Region of 
generators’ 
deviations 

Generation 
Schedule

Historical Data

•  Predict the region 
of generators’ 
deviation using 
historical data

•  Conduct real-time 
economic 
dispatch, taking 
cost to recover 
from deviations 
into account

•  Compensate 
imbalances left in 
real time



Generator Deviation Predictor
•   

7



Generator Deviation Predictor

• Simula=on Results 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Robust Scheduler: Recovery Cost

• Recovery cost:                       ‐‐‐ cost incurred by adjus=ng fast 
generators in Stage 2
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… …Time

… …SO’s 
decision

Q controls 
the difficulty 
of recovery



Robust Real-Time Economic Dispatch 

•   
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Stage-1 
Cost

Worst-Case 
Recovery Cost

Supply-demand balance

Flow limits constraints

Generation limits

Output: 
Scheduled 
generation



Simulation Results

• Conven=onal economic dispatch (Q = 0) 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ID Cost Actual Genera7on

1 80 70%‐90% of 
commi[ed

2 88 80%‐90% of 
commi[ed

3 100 95%‐105% of  
commi[ed
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•   
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Applying Enhanced AGC in Real Time

•  Ajer robust economic dispatch is applies, less expensive resources 
need to be called in AGC
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AGC control signal with 
conventional economic dispatch

AGC control signal with  
robust economic dispatch



Cost Savings of Proposed Framework

•  Proposed framework achieves lower recovery cost as well as total cost
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Recovery Cost Total Cost



Proposed Market Structure
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Bid Dispatch Re‐dispatch

•  Slow generator 
creates bid based 
on risk preference 

•  Fast generator 
creates bids for real-
time market and re-
dispatch market



Slow Generator’s Profit Maximization

•   
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Bid Dispatch Re‐dispatch

Capacity constraint

Ramp rate constraint

p.d.f. of possible 
deviationp.d.f. of re-dispatch 
price

Value at Risk of 
potential re-dispatch 
cost



Creating Simple Bids

•   
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Bid Dispatch Re‐dispatch



System Operator’s Real-Time Dispatch 
Problem

• Robust real‐=me dispatch 
(Previously men=oned)
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Bid Dispatch Re‐dispatch

•  SO’s real‐=me dispatch with 
simple bids

Simple bid of 
slow generators

• With simple bid, SO only needs to solve sta=c OPF, instead of two‐
stage robust OPF; 

•  SO’s problem in simple bid yields the same solu=on when re‐dispatch 
price can be predicted perfectly.



•  System price increases as generators are more risk averse 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• Re‐dispatch price decreases as generators are more risk averse 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Thank you! 


